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157) ABSTRACT

A method of producing a polyether copolymer by re-
acting a dihalogenobenzonitrile, 1,4-bis(4'-haloben-
zoylbenzene, with 4,4'-biphenol in an aprotic polar
solvent in the presence of an alkali metal compound to
produce a polyether copolymer having repeating units
represented by the following general formula (I)

6-00-

and the repeating units represented by the following
formula (II)

o--o---0-—0-0-

The molar ratio of the repeating units represented by
the formula (I) based on the total of the repeating units
represented by the formula (I) and the repeating units
represented by the formula (II) (the molar ratio of (I)/-
{(D)+JD}) is from 0.1 to 0.8. The polyether copolymer
has a melt viscosity (the viscosity under no shearing
stress) of at least 500 poise as measured 400° C.

(11)

4 Claims, No Drawings
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METHOD OF PRODUCING A POLYETHER
- COPOLYMER

This 1s a division of application Ser. No. 07/612,609
fited Nov. 13, 1990, now U.S. Pat. No. 5,149,581.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a novel polyether
copolymer and a method of producing the same. More
particularly, the present invention relates to a polyether
copoiymer and a method of producing the same with a
simple procedure and high efficiency, which is crystal-
line and exhibits sufficient heat resistance and as well
has excellent solvent resistance and mechanical
strength. The novel polyether copolymer is useful as a
material in the field of electric and electronic appara-
tuses and instruments and in the field of machinery.

The present invention further relates to a resin com-
position contamning the polyether copolymer, more
particularly, to a thermoplastic resin composition
which, because of its excellent properties including high
mechanical strength and heat-resistance, excellent in-
flammability, good moldability, is suitable as a material
for various polymer molded articles, such as the parts
for electric and electronic apparatuses and instruments
and machines.

The present invention further relates to molded arti-
cles formed from the polyether copolymer. Concretely,
the present invention further relates to a heat-resistant
laminate comprising a layer of the polyether copolymer
and 2 layer of a fibrous reinforcing material, more par-
ticularly, to a heat-resistant laminate which exhibits
sufficient heat resistance, excels in mechanical strength,
electrical properties, inflammability, chemical resis-
tance, and moldability, and is useful as a novel materal
suitable for the fields of electric and electronic appara-
tuses and instruments, machinery, and chemical indus-
tries.

Also, the present invention relates to polyether co-
polymer fiber made of the polyether copolymer, more
particularly, to polyether copolymer fiber which has
excellent properties including high heat resistance and
mechanical strength and is suitable, for example, as a
material for composite materials or as a material for
woven or knitted fabric.

Further, the present invention relates to a polyether
copolymer film made of the polyether copolymer, more
particularly, the present invention relates to a polyether
copolymer film which excels in heat resistance, me-
chanical strength, solvent resistance, chemical resis-
tance, and inflammability, and is suitable, for example,
as a matenal for the parts of electric and electronic
apparatuses and instruments and machines.

(b) Description of the Related Art

In recent years, engineering plastics having various
structures have been developed and used in many fields
including the field of automobiles, electric and elec-
tronic fields, the field of precision instruments, the field
of office automation instruments, and the field of optical
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communication instruments. The efficiency of these

plastics, however, 1s insufficient to satisfy all require-
ments, for their efficiency, there is a demand for the
development of novel materials.

Polyether copolymer is one of these conventional
engineering resins and exhibits, in particular, excellent
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heat resistance, and therefore various kinds of polyether
copolymers have been proposed.

For instance, in Japanese Patent Application Kokai
Koho (Laid-open) No. 47-14270 proposed is a method
of producing aromatic polyether copolymers in which
dinitrobenzonitrile, a dihalogenobenzophenone, and a
dihydric phenol are allowed to react with each other in
the presence of an alkali metal compound. However,
the method provides no more than low molecular
weight copolymers having a melt viscosity of at most
200 poise at 400° C., and the obtained copolymers do
not have sufficient heat resistance and mechanical
strength.

In Japanese Patent Application Kokat Koho (Laid-
open) No. 60-235835 disclosed is a method wherein a
dihalogenobenzonitrile, 4,4'-dihalogenobenzophenone,
and an alkali metal salt of a dihydric phenol are allowed
to react to produce a polyether copolymer comprising
the repeating units represented by the following for-
mula (a):

CN

0 @ O—Ary

the repeating units represented by the following for-
mula (b):

(a)

(b)

<O O—Ar-

wherein Ar represents a divalent aromatic group, and
containing the repeating units represented by the for-
mula (a) in a ratio of at least 0.5. However, the poly-
ether copolymer is amorphous and therefore cannot
maintain its mechanical strength at the temperatures
higher than its glass transition temperature and cannot
exhibit sufficient heat resistance.

In Great Britain Patent No. 2203744 proposed 1s a
method of producing a polymer comprising the repeat-
ing units represented by the following formula:

-0 -0~

by allowing 4,4'-biphenol and a 1,4-bis(4'-halobenzoyl)-
benzene to react with each other. Though the polymer
has a melting point of 430° C. and is usable as a nucleic
agent for crystallizing polymers, the melting point
thereof is too high to mold it by using ordinary meth-
ods.

Furthermore, some uses requires more excellent
properties of thermoplastic engineering plastics, and, as
well, there is an increasing demand for high inflamma-
bility to ensure the safety during use. Generally, metal
oxides or halogen compounds have been used as flame
retardants to be mixed into the thermoplastic engineer-
ing resins. However, a large amount of these metal
oxides or halogen compounds are required to render
thermoplastic resins, such as the conventional engineer-
ing resins, sufficient inflammability, thereby causing
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problems, including a considerable increase in the
weight of the obtained resin compositions and a de-
crease in the mechanical strength and the moldability.

Now then, laminates obtainable by impregnating
cloth or mat made of glass fiber or carbon fiber with

thermosetting resins followed by curing the thermoset-
ting resins have been well known as materials for elec-

tric and electronic parts or machine parts. However, the
production of the laminates of this kind needs solvents,
which not only contaminates the working environment
but also requires the step for collecting the solvents
used, and, in addition, a lengthy heat treatment is re-
quired to cure the thermosetting resins. In order to
solve these problems, there has been proposed that
thermoplastic resins having high heat resistance be used
in place of thermosetting resins as a material for the
laminates. Typical examples of the thermoplastic resins
proposed include crosslinked polyethylene, polye-
thylenetetrafluoride, and polyphenyleneoxide. How-
ever, the heat resistance of crosslinked polyethylene 1s
not sufficiently high, and polyethylenetetrafluoride 1s
poor in moldability. Besides, in the fields requiring heat
resistance and chemical resistance, polyphenyleneoxide
is unsuitable as a material resin for the laminates because
of a lack of enough heat resistance and chemical resis-
tance.

Further, fibers made of various engineering resins
excelling in heat resistance and mechanical strength are
used in many fields, nevertheless the fibers are still not
satisfactory in some aspects, and it is hoped to develop
fiber made of novel materials. For example, there are
some propositions of the use of polyetherketone copoly-
mers, which are known as an engineering resin (Refer to
Japanese Patent Application Kokai Koho (Laid-open)
No. 54-90296). These conventional resins however have

problems, for example, low glass transition tempera-

tures (Tg) which make them unsuited for the use requir-
ing high heat resistance, and insufficient mechanical
properties, such as mechanical strength including ten-
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elasticity. Moreover, some resins have more problems
in that they are apt to gel, thereby hindering the spin-
ning of fiber. .

In recent years, there have been developed various
kinds of resin films having excellent heat resistance and
mechanical strength, which came to be used for a wide
range of uses as materials for the parts of electric and
electronic apparatuses and instruments and machines.
As the resin films came to be used widely, the demand
for resin films having more excellent properties has
increased. There are known films formed from various
kinds of high efficiency resins. Nevertheless, even the
films made of polyetheretherketones and known to
have the most excellent heat resistance and mechanical
strength among the known resin films do not have suffi-
ciently satisfactory film properties because the resin is
apt to contain gel due to the drastic condition during the
production thereof.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
novel polyether copolymer which is useful as a new
material because not only it is crystalline, thereby exhib-
iting extremely high heat resistance, but also 1t can be
molded by using ordinary techniques and has a high
molecular weight sufficient to exhibit high mechanical
strength, and to provide a method of producing the
polyether copolymer with high efficiency.
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Another object of the present invention is to provide
a resin composition which has good moldability, main-
tains sufficiently high mechanical strength even at high
temperatures, and has excellent inflammability, heat
resistance, and mechanical properties.

A further object of the present invention is to provide
a laminate excelling not only in mechanical strength but

also in other properties including electric properties,
inflammability, chemical resistance, and processability.

Another object of the present invention is to provide
a polyether copolymer fiber which is a novel polymer
fiber being advantageous in that it excels in heat resis-
tance because of its high glass transition temperature
and as well excels in mechanical properties including
mechanical strength and in moldability into fiber (spin-
ning and stretching).

A still another object of the present invention 1s to
provide a polyether copolymer film which is advanta-
geous in that it excels in heat resistance because of its
high glass transition temperature and in mechanical
properties including mechanical strength and, in addi-
tion, excels in solvent resistance, chemical resistance,
and inflammability.

We found that a specified polyether copolymer is
crystalline and exhibits extremely excellent heat resis-
tance, and it as well excels in solvent resistance, me-
chanical strength, and moldability, and on the basis of
the finding, we have completed the present invention.

That is, the present invention provides a polyether
copolymer, comprising: the repeating units represented
by the following general formula (I)

O—-00-

and the repeating units represented by the following
formula (II)

00000

the molar ratio of the repeating units represented by the
formula (I) based on the total of the repeating units
represented by the formula (I) and the repeating units
represented by the formula (II) [the molar ratio of (I)/-
{(I)+(ID}] being from 0.1 to 0.8 and the polyether
copolymer having a melt viscosity of at least 560 poise
as measured at 400° C.

The polyether copolymer may be produced effi-
ciently by a method in which dihalogenobenzonitrile,
1,4-bis(4’-halobenzoyl)benzene, and 4,4'-biphenol are
allowed to react with each other in an aprotic polar
solvent in the presence of an alkali metal compound.

We found that a resin composition satisfying the ob-
ject of the present invention is obtainable by mixing the
polyether copolymer with other heat resistant thermo-
plastic resins or inorganic fillers in a specific ratio, and
have achieved the present invention concerning a novel
resin composition.

That is, the present invention provides a resin cCOmpo-
sition, comprising:

(A) the polyether copolymer of the present invention

and

(II)
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(B) a heat-resistant thermoplastic resin other than the
polyether copolymer,
the polyether copolymer being present within the resin
composition in an amount of from 10 to 90% by weight
based on the total of the polyether copolymer and the
heat-resistant thermoplastic resin, and provides a resin
 composition, comprising:
(A) the polyether copolymer of the present invention
and
(C) an morganic filler,
the polyether copolymer being present within the resin
composition in an amount of from 30 to 99% by weight

based on the total of the polyether copolymer and the

inorganic filler, and provides a resin composition, com-
prising:

(A) the polyether copolymer of the present invention;

(B) a heat-resistant thermoplastic resin other than the

polyether copolymer; and

(C) an 1norganic filler;
the polyether copolymer being present within the resin
composition in an amount of from 10 to 90% by weight
based on the total of the polyether copolymer and the
heat-resistant thermoplastic resin, and the inorganic
filler being present within the resin composition in an
amount of from 1 to 50% by weight based on the total
of the polyether copolymer, the heat-resistant thermo-
plastic resin, and the inorganic filler.

We further found that the polyether copolymer of the
present invention is useful as a resin component of heat-
resistant laminate. That is, the present invention further
provides a heat-resistant laminate, comprising;:

(A) a layer of the polyether copolymer of the present

invention and |

(B) a layer of a fibrous reinforcing material.

We found that polymer fiber satisfying the object of
the present invention is obtainable by using the poly-
ether copolymer of the present invention as a resin
material and melt spinning it under a specified condi-
tion, particularly, by stretching the fiber obtained by the
melt spinning by a specified draw ratio following to the
melt spmning. |

That 1s, the present invention further provides a poly-
ether copolymer fiber produced by melt spinning the
polyether copolymer of the present invention at a tem-
perature higher than the melting point of the polyether
copolymer by from 10° to 70° C. The properties of the
polyether copolymer fiber may be further improved by
subjecting the fiber to stretching treatment or both to
stretching treatment and to heating treatment, follow-
ing to the melt spinning.

We further found that a film satisfying the object of
the present invention may be obtained by using the
polyether copolymer of the present invention as a resin
material and forming the polyether copolymer under a
specified condition, particularly, by subjecting the film
obtained by the forming to stretching treatment by a
spectfied draw ratio or to heating treatment, following
to the forming of the film.

That 1s, the present invention further provides a poly-
ether copolymer film produced by forming the poly-
ether copolymer of the present invention into a film at
a temperature higher than the melting point of the poly-
ether copolymer by from 10° to 100° C. The properties
of the polyether copolymer film may be further im-
proved by subjecting the film to stretching treatment or
heating treatment following to the forming of the film.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Polyether Copolymer

One of the most important points of the polyether
copolymer of the present invention is that the polyether
copolymer comprises the repeating units represented by
the formula (I) and the repeating units represented by
the formula (II), and the molar ratio of the repeating
units represented by the formula (I) based on the total of
the repeating units represented by the formula (I) and
the repeating units represented by the formula (II) [the
molar ratio of ()/{(A)+({I)}] is from 0.1 to 0.8. The
preferred molar ratio is from 0.1 to 0.5.

If the molar ratio of the repeating units represented
by the formula (I) 1s less than 0.1, the glass transition
temperature of the polyether copolymer will be de-

~ creased, resulting in a decrease in heat resistance, and
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the melting point of the polyether copolymer will be
increased, resulting in the deterioration of moldability.
On the other hand, if it is more than 0.8, the polyether
copolymer will loose crystallinity, resulting i1n de-
creases in heat resistance and in solvent resistance.

It is also important that the polyether copolymer of
the present invention has a melt viscosity (the viscosity
under no shearing stress) of at least 500 poise at 400° C.
The reason is that a low molecular weight polyether
copolymer having a melt viscosity of less than 500 poise
cannot exhibit sufficient heat resistance and mechanical
strength. The preferred melt viscosity 1s at least 1,000
pOISE.

The polyether copolymer of the present invention
may contain other repeating units so far as the achieve-
ment of the object of the present invention is not hin-
dered.

The polyether copolymer of the present invention
generally has a melting point of from about 300° C. to
about 400° C., and it is crystalline and has a sufficiently
high molecular weight, thereby exhibiting sufficient
heat resistance and excellent solvent resistance and
mechanical strength. The polyether copolymer of the
present invention, therefore, is suitable as a novel mate-
rial in the fields of electric and electronic apparatus and
instruments and the fields of machinery.

The Method of Producing the Polyether Copolymer

The polyether copolymer of the present invention
may be produced efficiently according to the method of
the present invention by allowing a dihalogenobenzoni-
trile, 4,4'-biphenol, and 1,4-bis(4’-halobenzoyl)benzene
to react with each other in an aprotic polar solvent in
the presence of an alkali metal compound.

Some examples of the dihalogenobenzonitrile to be
used in the method of the present invention include
2,3-dihalogenobenzonitrile, 2,4-dihalogenobenzonitrile,
2,5-dihalogenobenzonitrile, 2,6-dihalogenobenzonitrile,
3,4-dihalogenobenzonitrile, 3,5-dihalogenobenzonitriie,
and mixtures of two or more of them. Generally, for

co €xample, 2,6-dihalogenobenzonitrile represented by the
following formula:

65

CN
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wherein X is a halogen atom and the two X in the for-
mula are identical with or different from each other, or
2,4-dihalogenobenzonitrile represented by the follow-
ing formula:

CN

X

wherein X is as defined above, 1s suitably used.
Among these, the preferred examples include 2,6-
dichlorobenzonitrile, 2,6-difluorobenzonitrile, 2,4-
dichlorobenzonitrile, and 2,4-difluorobenzonitrile, and
the particularly preferred is 2,6-dichlorobenzonitrile.
These may be used individually or in a combination
of two or more of them. |
4,4'-biphenol is represented by the following formula:

The 1,4-bis(4’-halobenzoyl)benzene to be used in the
present invention is represented by the following for-

mula:
O O
Y C C Y

wherein Y is a halogen atom and the two Y in the for-
mula are identical with or different from each other,
and, among these, the preferred are 1,4-bis(4'-
chlorobenzoyl)benzene, 1,4-bis(4'-fluorobenzoyl)ben-
zene, and 1-(4'-chlorobenzoyl)-4-(4”-fluorobenzoyl)-
benzene, and the particularly preferred are 1,4-bis(4'-
chlorobenzoyl)benzene and 1,4-bis(4’-fluorobenzoyl)-
benzene.

These may be used individually or in a combination
of two or more of them. -

The alkali metal compound to be used in the present
invention is not particularly limited so far as it can con-
vert 4,4'-biphenol to an alkali metal salt, and the pre-
ferred examples include alkali metal carbonates and
alkali metal hydrogen carbonates.

Some examples of the alkali metal carbonates include
lithium carbonate, sodium carbonate, potassium carbon-
ate, rubidium carbonate, and cesium carbonate. Among
these, the preferred are sodium carbonate and potassium
carbonate.

Some examples of the alkali metal hydrogen carbon-
ates include lithium hydrogen carbonate, sodium hydro-
gen carbonate, potassium hydrogen carbonate, rubid-
ium hydrogen carbonate, and cesium hydrogen carbon-
ate. Among these, the preferred are sodium hydrogen
carbonate and potassium hydrogen carbonate.

Among the above-described various alkali metal
compounds, the particularly preferred are sodium car-
bonate and potassium carbonate.
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These may be used individually or in a combination
of two or more of them.

Some examples of the aprotic polar solvent to be used
in the present invention include N,N-dimethylforma-
mide, N,N-diethylformamide, N,N-dimethylacetamide,
N,N-diethylacetamide, N,N-dipropylacetamide, N,N-
dimethylbenzamide, N-methyl-2-pyrrolidone (NMP),
N-ethyl-2-pyrrolidone, N-isopropyl-2-pyrrolidone, N-
isobutyl-2-pyrrolidone, N-n-propyl-2-pyrrolidone, N-n-
butyl-2-pyrrolidone, N-cyclohexyl-2-pyrrolidone, N-
methyl-3-methyl-2-pyrrolidone,  N-ethyl-3-methyl-2-
pyrrolidone, N-methyl-3,4,5-trimethyl-2-pyrrolidone,
N-methyl-2-piperidone, N-ethyl-2-piperidone, N-iso-
propyl-2-piperidone, N-methyl-6-methyl-2-piperidone,
N-methyl-3-ethylpiperidone, dimethylsulfoxide, die-
thylsulfoxide, sulfolane, 1-methyl-1-oxosulfolane, 1-
ethyl-1-oxosulfolane, 1-phenyl-1-oxosulfolane, N,N’-
dimethylimidazolidinone (DMI), and diphenylsulfone.

The preferred are NMP, DMI, sulfolane, diphenyl-
sulfone, and dimethylsulfoxide, and the particularly
preferred 1s NMP. _

These solvents may be used individually, or may be
used in a combination of two or more of them according
to demand. Also, these solvents may be used as solvent
mixtures with other solvents such as aromatic hydro-
carbon solvents, according to demand. For instance,
using these aprotic polar solvents together with aro-
matic hydrocarbons which are easy to distill out as
azeotropic mixtures with water, such as toluene, enables
the water generated by condensation to be removed out
from the reaction system effectively during the poly-
merization reaction.

The molar ratio of the dihalogenobenzonitrile used in
generally from 0.1 to 0.8 based on the total of the
dihalogenobenzonitrile used and the 1,4-bis(4'-haloben-
zoyl)benzene,. and the amount of the alkali metal com-
pound used is generally from 1.01 to 2.50 equivalent,
preferably from 1.02 to 1.25 equivalent, per one hy-
droxyl group of 4,4'-biphenol used.

The amount of the aprotic polar solvent used is not
particularly limited, but generally, it is from 200 to 2,000
parts by weight per 100 parts by weight of the total of
the dihalogenbenzonitrile, the 1,4-bis(4'-halobenzoyl)-
benzene, 4,4'-biphenol, and the alkali metal compound.

The molar ratio of the 1,4-bis(4'-halobenzoyl)benzene
used is so adjusted that the molar ratio of the total of the
1,4-bis(4’-halobenzoyl)benzene and the dihalogenoben-
zonitrile to 4,4'-biphenol be approximately 1, generally
from 0.98 to 1.02, preferably from 1.00 to 1.01.

The production of the polyether copolymer of the
present invention may be carried out by allowing the
dihalogenobenzonitrile and 4,4'-biphenol to react with
each other to obtain an oligomer which is then allowed
to react with 1,4-bis(4'-halobenzoyl)benzene, or by
charging all of the dihalogenobenzonitrile, 4,4'-
biphenol, and the 1,4-bis(4'-halobenzoyl)benzene at the
same time in a reaction vessel to react with each other
at the same time.

In the former case, after the dihalogenobenzonitrile,
4,4'-biphenol, and the alkali metal compound are added
in the aprotic polar solvent at the same time to carry out
the reaction of the dihalogenobenzonitrile with 4,4'-
biphenol, the 1,4-bis(4"-halobenzoyl)benzene 1s then
added in the reaction mixture to carry out the following
reaction. The one series of reactions are carried out

generally at a temperature from 150° to 380° C., prefera-
bly from 180° to 330" C.
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The reaction time of the one series of reactions is
generally from (.1 to 10 hours, preferably from 1 to 5
hours.

In the latter case, namely in the case where the
dihalogenobenzonitrile, .4,4'-biphenol, and the 1,4-
bis(4 -halobenzoyl)benzene are charged at the same
time, the reaction temperature is the same as described
above, but the reaction time is generally from 0.5 to 5
hours, preferably from 1 to 3 hours.

In either case, a reaction temperature lower than 150°
C. 1s impractical because the reaction velocity 1s too
slow, and a reaction temperature higher than 380° C.
sometimes causes undesirable side reactions.

After the completion of the reaction, the polyether
copolymer is collected by separating it from the aprotic
polar solvent solution containing the polyether copoly-
mer and then purifying the separated polyether copoly-
mer, according to known techniques.

Thus, the polyether copolymer of the present inven-
tton may be produced efficiently through a simpie pro-
cess.

Resin Composition

One of the most important points of the resin compo-
sition 1s that the polyether copolymer contained therein
comprises the repeating units represented by the for-
mula (I) and the repeating units represented by the
formula (II), and the ratio between these repeating units
is within the range described above.

If the molar ratio of the repeating units represented
by the formula (I), namely the molar ratio of (I)/{(1)+-
(11)}, is less than 0.1, the melting point of the polymer
will be too high, causing a high melting viscosity which
makes it difficult to melt mix it with other additive
components to form a uniform resin composition. Fur-
ther, in such a case, the glass transition temperature
(Tg) of the polyether copolymer will be low, and such
a polyether copolymer sometimes cannot bring suffi-
cient heat resistance and sufficient mechanical strength
at high temperatures into the resin composition. On the
other hand, if the molar ratio is more than 0.8, the poly-
ether copolymer will be amorphous, and the heat resis-
tance, solvent resistance, and chemical resistance of the
resin composition will be decreased. | |

It 1s also important that the polyether copolymer to
be used 1n the present invention has a melt viscosity (the
viscosity under no shearing stress) of at least 500 poise,
preferably at least 1,000 poise, as measured at 400° C.
The reason is that low molecular weight polyether
copolymers having a melt viscosity of less than 500
poise sometimes cannot render the resin composition
sufficient heat resistance and mechanical strength.

The upper lmit of the melt viscosity of the polyether
copolymer cannot be determined uniformly, but from
the view point of the moldability of the resin composi-
tion (flowability at the time of molding, etc.), it is desir-
able to adjust the melt viscosity not higher than about
100,000 poise. |

In the present invention, the resin composition may
contain one kind of the polyether copolymer or two or
more kinds of the polyether copolymers.

Further, the polyether copolymer may contain other
repeating units so far as the achievement of the object of
the present invention is not hindered.

The heat-resistant thermoplastic resin to be used as a
component of the resin composition of the present in-
vention is not particularly limited, and various kinds of
ones including known ones may be used. Generally, it is
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desirable to use various kinds of thermoplastic engineer-
ing resins, including polycarbonates, polyethersulfones,
polyetherimides, polyetheretherketones, polycyanoa-
rylethers, polyesters such as polyethyleneterephthalate,
polybutyleneterephthalate, polyarylates, and wholly
aromatic polyesters, and polyphenylenesulfides; and
other various kinds of thermoplastic resins having heat
resistance and mechanical strength comparable to those
of the thermoplastic engineering resins described above.

These heat-resistant thermoplastic resins may be used
individually or in a combination of two or more of
them, according to purpose.

The inorganic filler to be used as a component of the
resin composition of the present invention is not partic-
ularly limited, and various kinds of inorganic fillers
which have been ordinarily used for thermoplastic res-
ins including thermoplastic engineering resins may be
used.

More concretely, some examples of the inorganic
filler which may be used include fibrous inorganic mate-
rials, the typical examples thereof being fibrous rein-
forcing materials, such as carbon fiber, glass fiber, alu-
mina fiber, silicon nitride fiber, and carbon whisker;
various metal oxides, such as titanium oxide, aluminum
oxide, silicon oxide, and magnesium oxide; various
kinds of clay or minerals, such as talc, clay, montmoril-
lonite, bentonite, and dolomite; various metal salts 1n-
cluding carbonates, such as calcium carbonate, magne-
sium carbonate, and barium carbonate, sulfates or sul-
fites, such as calcium sulfate, calcium sulfite, and mag-
nesium sulfate; metals, such as copper, iron, zinc, alumi-
num, and nickel; ceramics including various carbides,
such as stlicon carbide, and nitrides, such as silicon
nitride, aluminum nitride, titanium nitride, and boron
nitride; and other inorganic fillers, such as graphite,
carbon black, and asbestos.

Among these inorganic fillers, the fibrous reinforcing
materials, such as carbon fiber and glass fiber, are par-
ticularly desirable because of their significant effect in
improving mechanical strength.

The inorganic fillers described above may be used
individually or in a combination of two or more of
them.

The shape of the inorganic filler to be added in the
resin composition is not particularly limited, and may be
properly selected in consideration of the purpose of use
and moldability.

The inorganic filler preferably has a mean particle
size of from 0.01 to 50 um.

In case the fibrous inorganic fillers including the
fibrous reinforcing materials described above are used,
it is generally desirable to use those having a mean fiber
diameter of from about 1 to about 20 um, and an aspect
ratio of from about 100 to about 3,000.

If the inorganic filler has a too large mean particle
size (in case of the fibrous inorganic materials, mean
fiber diameter and aspect ratio), the inorganic filler may
be difficult to disperse uniformly, and the moldability
thereof may be deteriorated. On the other hand, inor-
ganic fillers of ultrafine particulate form having an ex-
traordinarily small mean particle size generally are ex-
pensive and increase the cost of production. Also, those
having a smaller aspect ratio sometimes cannot show
the effect as fibrous reinforcing materials sufficiently.

The resin composition of the present invention com-
prising the polyether copolymer and the heat-resistant
thermoplastic resin contains the polyether copolymer in
an amount of from 10 to 90% by weight, preferably
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from 30 to 80% by weight, based on the total of the
polyether copolymer and the heat-resistant thermoplas-
tic resin.

- If the amount of the polyether copolymer is less than
10% by weight, the improvement of mechanical
strength and the effect of rendering inflammability will
be insufficient, and on the other hand, even if the
amount of the polyether copolymer is more than 90%
by weight, the effect of adding the polyether copolymer
into the thermoplastic resin will not further increase.

The resin composition of the present invention com-
prising the polyether copolymer and the inorganic filler
contains the polyether copolymer in an amount of from
30 to 99% by weight, preferably from 70 to 95% by
weight (that is, the inorganic filler is present in the resin
composition in an amount of from 70 to 1% by weight,
preferably from 30 to 5% by weight), based on the total
of the polyether copolymer and the inorganic filler.

If the amount of the inorganic filler is less than 19% by
weight, the inorganic filler will not show the effect of
the addition thereof sufficiently, and on the other hand,
if it is more than 70% by weight, the moldability of the
resin composition will be deteriorated.

The resin composition of the present invention com-
prising the polyether copolymer, the heat-resistant ther-
moplastic resin, and the inorganic filler contains the
polyether copolymer in an amount of from 10 to 90%
by weight, based on the total of the polyether copoly-
mer and the heat-resistant thermoplastic resin, and the
inorganic filler in an amount of from 1 to 50% by
weight, preferably from 15 to 409% by weight, based on
the total of the polyether copolymer, the heat-resistant
thermoplastic resin, and the inorganic filler.

If the amount of the polyether copolymer is less than
10% by weight, the improvement of mechanical
strength and the effect of rendering inflammability will
be insufficient. On the other hand, even if the amount of
the polyether copolymer is more than 90% by weight,
the effect of adding the polyether copolymer into the
thermoplastic resin will not further increase.

Further, even if the mixing ratio between the poly-
ether copolymer and the heat-resistant thermoplastic
resin is within the above-described range, the addition
of the inorganic filler in an amount of less than 1% by
weight will not show sufficient effect, and on the other
hand, the addition in an amount of more than 50% by
weight will hinder the moldability of the resin composi-
tion.

In each resin composition of the present invention,
additives other than the above-described essential com-
ponents may also be added according to demand, so far
as the achievement of the object of the present inven-
tion is not hindered. Such additives include other resins
and various additives including those which have been
ordinarily added into the conventional heat-resistant
thermoplastic resin compositions. Typical examples of
the additives include plasticizers, antioxidants, UV ab-
sorbers, lubricants, release agents, and colorants.

The resin composition of thé present invention 1s
obtained by mixing the polyether copolymer, the heat-
resistant thermoplastic resin and/or the tnorganic filler
in the above-described ratios, respectively, or by further
mixing other additives described above, according to
demand.

The order in which the above-described components
are added is not particularly limited, and all of the com-
ponents may be mixed at the same time, or they may be
mixed in steps. For instance, the resin composition of
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the present invention comprising the polyether copoly-
mer, the heat-resistant thermoplastic resin, and the inor-
ganic filler may be prepared by a method 1n which the
polyether copolymer, the heat-resistant thermoplastic
resin, and the organic filler are mixed at the same time,
or by a method in which the polyether copolymer and
the heat-resistant thermoplastic resin are mixed to form
the resin composition of the present invention compris-
ing the polyether copolymer and the heat-resistant ther-
moplastic resin, and then the inorganic filler is further
mixed into the obtained resin composition, or by a
method in which the polyether copolymer is mixed into
a composition prepared by mixing the heat-resistant
thermoplastic resin and the inorganic filler.

In the preparation of the resin compositions of the
present invention, the mixing of the polyether copoly-
mer, the heat-resistant thermoplastic resin and/or the
inorganic filler or the mixing of these components and
other additives described above may be carried out by
using various techniques including those generally used
for the preparation of known heat-resistant thermoplas-
tic resin compositions. It is generally desirable to knead
these components by using various kneaders or various
extruders while the components are heated to a temper-
ature at which they are in a melted state, thereby en-
abling them to be mixed sufficiently uniformly.

The temperature of kneading is not particularly lim-
ited becasue it depends on the kinds of the resins used,
the composition, and other conditions, but a tempera-
ture of from about 300° to about 500° C., preferably
from about 350° C. to 430° C,, is generally appropriate.

The appropriate range of the time of the melt knead-
ing is generally from about 1 to about 10 minutes, pref-
erably from about 2 to about 5 minutes.

The melt kneading may be carried out by using appa-
ratuses of various systems, and generally, the preferred
are a kneader or an extruder in which biaxial screws
turn in one direction or in different directions and a
uniaxial screw extruder in which a screw turns and
performs a reciprocating motions back and forth simul-
taneously.

The resin composition thus obtained is formed into
pellets, according to demand, and then formed into a
molded articles of desired shapes by thermo-compres-
sion molding, such as injection molding.

The molding may be carried out separately after the
prepared resin composition is cooled, or may be carned
out directly using the resin composition being still 1n a
melted state. Further, these method may be used jointly.

Thus obtained resin compositions of the present in-
vention have many advantages in that they excel ex-
tremely in various properties including heat resistance
(the resistance to thermal decomposition during melt
kneading or forming and the heat resistance during their
use), mechanical properties such as mechanical
strength, chemical resistance, and solvent resistance and
exhibit excellent inflammability, and as well have ex-
traordinarily good moldability. The resin compositions
of the present invention therfore may be suitable as
materials for various polymer molded articles including
the parts of machines and electric and electronic appa-
ratuses and instruments.

Heat-Resistant Laminate

The heat-resistant laminate of the present invention 1s
produced by using the polyether copolymer of the pres-
ent invention, which comprises the repeating units rep-
resented by the formula (I) and the repeating units rep-
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resented by the formula (II), has a molar ratio of (I)/-
{(H+ D)} of from 0.1 to 0.8, and has a melt viscosity of
at least 500 poise, preferably at least 1,000 poise, as
measured at 400° C.

If the melt viscosity is less than 500 poise, the heat
resistance and mechanical strength of the heat-resistant
laminate may sometimes be insufficient.

From the view point of the heat resistance, mechani-
cal strength, and chemical resistance, the suitable exam-
ples of the fibrous reinforcing material to be used in the
present invention are glass fiber, carbon fiber, and aro-
matic polyamide fiber. These may be used individually
or in a combination of two or more of them.

The forms of these fibers suitable for the use in the
present invention include chopped strand mat, continu-
ous long fiber mat, woven fabric (such as filament fiber
woven fabrics, spinning woven fabrics, and stretched
woven fabrics), and knotted fabric (such as looped fab-
rics and jerseys). These fibers of the various forms may
be used individually or in a combination of two or more
of them.

The heat-resistant laminate of the present invention
comprises a layer of the polyether copolymer and a
layer of the fibrous reinforcing material. There 1s no
particular limit in the number of each layer, and gener-
ally, the heat-resistant laminate is two- or three-layered
laminate consisting of one layer of the fibrous reinforc-
ing material and one or two layers of the polyether
copolymer covering one or both sides of the layer of the
fibrous reinforcing maternial.

It should be noted that in the heat-resistant laminate
of the present invention, the layer of the fibrous rein-
forcing material may contain the polyether copolymer
therein. As described below, the heat-resistant laminate
of the present invention is preferably produced by form-
ing using heat and pressure, and in such a case, a portion
of the polyether copolymer melted and softened often
permeates the layer of the fibrous reinforcing material
and solidifies as it is (particularly, in case the layer of the
fibrous reinforcing material has rough meshes).

Although the heat-resistant laminate of the present
invention may be produced by using any known lami-
nating methods, it is preferable to produce it by means
of forming using heat and pressure.

The amount of the polyether copolymer used i1s gen-
erally from 20 to 85% by weight, preferably from 30 to
80% by weight, that is, the amount of the fibrous rein-
forcing material used is generally from 15 to 80% by
weight, preferably from 20 to 70% by weight, based on
the total of the polyether copolymer and the fibrous
reinforcing material, respectively.

If the amount of the polyether copolymer used 1s less
than 20% by weight or more than 85% by weight, the
mechanical strength of the heat-resistant laminate may
sometimes be decreased.

The production of the heat-resistant laminate of the
present invention by means of forming using heat and
pressure may be carried out by using any one of the
following three methods.

(1) A method in which powder or pellets of the poly-
ether copolymer is distributed over the surface of
the mat or woven fabric of the fibrous reinforcing
material, followed by forming them using heat and
pressure.

(2) A method in which after the peliets of the poly-
ether copolymer are extrusion molded or compres-
sion molded to form a sheet, the sheet 1s laminated
with a mat or woven fabric of the fibrous reinforc-
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ing material, followed by forming the laminate
using heat and pressure.

(3) A method in which the above two methods are
combined.

The heat-resistant laminate of the present invention

has the specific structure described above and, there-

fore, it excels not only in heat resistance but also in
mechanical strength, electrical properties, inflammabil-
ity, chemical resistance, and moldability.

Polyether Copolymer Fiber

One of the most important points of the polyether
copolymer fiber of the present invention is that it is
produced by using the polyether copolymer which
comprises the repeating units represented by the for-
mula (I) and the repeating units represented by the
formula (II), has a molar ratio of (I)/{(1)+ D)} of from
0.1 to 0.8, preferably from 0.1 to 0.5, and has a melt
viscosity of at least 500 poise, preferably from 3,000 to
30,000 poise, as measured at 400° C.

If the molar ratio of the repeating units represented
by the formula (I), namely the molar ratio of (I)/{(I)+-
(ID} is less than 0.1, the melting point of the polyether
copolymer will be too high, and the melt viscosity will
be too high, resulting in the decrease of processability
(efficiency of melt spinning). Further, in case the poly-
ether copolymer fiber is produced by using a resin com-
position prepared by adding various additives into the
polyether copolymer, it sometimes becomes difficult to
melt mix the polyether copolymer with the additives,
thereby making the preparation of a uniform resin com-
position and a uniform fiber difficult. If the molar ratio
of the repeating units represented by the formula (I) is
more than 0.8, the crystallinity of the polyether copoly-
mer will be insufficient, and the heat resistance, me-
chanical strength, solvent resistance, and chemical re-
sistance of the resulting fiber will be decreased.

In the present invention, the polyether copolymer
may contain other repeating units in ratios which do not
hinder the achievement of the object of the present
invention.

In the present invention, the polyether copolymers of

various structures may be used individually or two or

more of them may be used in a form of a mixture or
composition according to demand.

The polyether COpolymer fiber of the present inven-
tion is produced by melt spinning the polyether copoly-
mer at a temperature (melt spinning temperature)
higher than the melting point thereof (hereinafter, the
melting point sometimes will be represented by T, in
°C. units) by from 10°to 70° C., that is, in the tempera-
ture range of from (T4 10) °C. to (T, +70) °C.

If the melt spinning temperature is lower than
(Tm+10) °C, the polyether copolymer will be difficult
to spin, and the moldability during the spinning will be
decreased. On the contrary, if it is higher than (T,,+470)
°C., the flowability of the polyether copolymer during
the spinning will increases too high to spin it into a fiber
without trouble, and such a high melt spinning tempera-
ture may bring other troubles such as decomposition of
the spinning maternal.

Herein, melt spinning temperature means the temper-
ature of the body of the apparatus for spinning which
has been heated during the spinning for melting the
polyether copolymer, and the temperature of the spin-
ning nozzle from which the spun fiber comes out may
be adjusted separately from the melt spinning tempera-
ture. Though the temperature of the spinning nozzle



),187,255

15

- should not always be adjusted to the above-described
range of from (T,,+ 10) °C. to (T, -+70) °C. and may be
selected according to other conditions, 1t 1s generally
desirable to adjust it lower than the melt spinning tem-
perature by about from 5° to about 20° C.

The spinning generally is carried out by using only
one kind of the polyether copolymer, but, according to
demand, two or more kinds of the polyether copoly-
mers may be used for the spinning in a form of a mixture
Or a composition.

Further, the polyether copolymer to be used for the
spinning may contain other resins and additives so far as
the achievement of the object of the present invention is
not hindered.

Various kinds of spinning apparatuses including those
commercially available may be used so far as they are
equipped with heating means capable of adjusting the
melt spinning temperature to the above-described
range, and the adoption and adjustment of the spinning
apparatus depend on the fiber desired. For example,
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melt extruding apparatus capable of increasing the melt

spinning temperature to about S00° C. 1s applicable.
The kind of the spinning nozzle is not particularly
hmited and may be selected from various ordinary ones
including a nozzle with single hole and a nozzle with
multiple holes (including those for spinning single yarn
or for fiber in a form of multiple yarn) according to the

purpose.

25

There is also no particular Iimit in the methods of 10

cooling and winding the spun fiber, and the cooling and
the winding may be carried out by using various tech-
niques including known techniques, and the technique
and condittons to be used may be selected according to
the purpose.

For instance, when a fiber the single yarn of which
has a fiber thickness of at least 1,000 d (denier), 1t is
desirable to employ a method in which the fiber coming
out from a spinning nozzle is passed through a liquid
bath for cooling arranged directly under the spinning
nozzle to solidify the fiber, followed by winding the
-solidified fiber on a winder such as a torque winder, and
when a fiber the single yarn of which has a fiber thick-
ness of at most 1,000 d 1s spun, a method of cooling the
fiber in the air may be suitably used.

In order to control the cooling speed according to
demand, 1t is suitable to arrange a heating apparatus,
such as a heating tube, next to the spinning nozzle so
that the fiber coming out from the spinning nozzle 1s
passed through the heating apparatus.

The polyether copolymer fiber of the present inven-
tion, depending on the purpose of 1ts use, does not al-
ways need after treatments, such as stretching treat-
ment, following to the above-described melt spinning,
but it is generally desirable to subject 1t at least to
stretching treatment. The reason is that an appropriate
stretching treatment further improves the mechanical
properties, such as mechanical strength, of the obtained
fiber.”

The stretching treatment is desirably carried out at a
temperature higher than the glass transition- tempera-
ture (Tg) of the polyether copolymer used by from 10°
to 60° C. If the stretching temperature is lower than
(Tg+10) °C,, the stretching cannot be performed effi-
ciently, and on the other hand, if it is carried out at a
temperature higher than (Tg+4-60) °C,, fluffing or lap-
ping may occur, and stable stretching cannot be ex-
pected.

35

45

50

55

65

16

It 1s desirable to stretch the fiber at a draw ratio of at
least 1.5, preferably from 2 to 10.

If the draw ratio is less than 1.5, sufficient effect of
stretching cannot be expected, and in particular, the
mechanical properties including tensile strength cannot
be improved sufficiently.

It is generally desirable to subject the stretched fiber
to heating treatment after the stretching treatment.

The heating treatment is generally carried out at a
temperature higher than the crystallizing temperature
of the polyether copolymer and lower than the melting
point thereof, with tension or without tension according
to demand.

Subjecting the stretched fiber to the heating treat-
ment further improves the strength of the fiber.

The stretching treatment and the heating treatment
may be combined with the melt spinning to carry out
these operations continuously.

Thus, the polyether copolymer fiber of the present
invention is obtained.

The polyether copolymer fiber of the present inven-
tion not only excels in heat resistance and mechanical
properties including mechanical strength such as tensile
strength but also has other advantages such as excellent
solvent resistance and chemical resistance. Therefore, it
is suitable for various application fields of polymer fi-
ber, such as the materials for composite materials and
the materials of woven fabric and knitted fabric.

Polyether Copolymer Film

One of the most important points of the polyether
copolymer film of the present invention 1s that the poly-
ether copolymer to be used as a resin material comprises
the repeating units represented by the formula (I) and
the repeating units represented by the formula (II) and
has a molar ratio, (I)/{(I)+ D)}, of from 0.1 to 0.8,
preferably from 0.1 to 0.5.

If the molar ratio of the repeating units represented
by the formula (I), namely the molar ratio of (I)/{(I)+-
(I1)}, is less than 0.1, the melting point of the polyether
copolymer will be too high, and the melt viscosity will
be too high, resulting in a decrease in processability. If
the ratio of the repeating units represented by the for-
mula (I) is more than 0.8, the crystallinity will be insuffi-
cient, resulting not only in a decrease in heat resistance
but also in a decrease in mechanical strength, solvent
resistance, and chemical resistance.

The polyether copolymer may contain other repeat-
ing units as far as the achievement of the object of the
present invention is not hindered.

The polyether copolymer to be used for producing
the polyether copolymer film of the present invention
has a melt viscosity of at least 500 poise, preferably at
least 1,000 poise, as measured at 400° C., and those
having a melting point less than 500 poise 1s not suffi-
cient in heat resistance and mechanical strength. The
polyether copolymer preferably has a melt viscosity of
from 5,000 to 30,000 poise.

In the present invention, the polyether copolymers of
various kinds may be used individually or in a combina-
tion of two or more of them as a mixture or a composi-
tion.

The polyether copolymer film of the present inven-
tion is produced by forming the polyether copolymer at
a temperature higher than the melting point (Tm)
thereof by from 10° to 100° C., namely from (Tm+- 10)
°C. to (Tm+ 100) °C., preferably from (Tm+30) °C. to
(Tm+70) °C.
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- If the forming temperature is lower than (Tm+10)
°C., processability will be decreased. On the other hand,
if it exceeds (ITm+ 100) °C., the melt viscosity of the
polyether copolymer during film forming will be too
low to perform the forming of the film without prob-
lem, and more problems, such as the decomposition of
the matenal used, may occur.

The polyether copolymer to be used for the film
forming may contain other resins or additives so far as
the achievement of the object of the present invention is
not hindered. .

The forming of the film may carried out by using the
method ordinanly used, including pressing and extru-
s1on. |

After the forming of the film, the polyether copoly
“mer film of the present invention may be subjected to
after treatments, such as stretching treatment and heat-
ing treatment. It is generally desirable to subject it at
least to stretching treatment.

Proper stretching treatment further improves the
mechanical properties, such as mechanical strength, of
the obtained film.

It 1s generally preferable to carry out the stretching
treatment at a temperature not higher than the melting
point of the polyether copolymer uniaxially or biaxially.

If the stretching temperature is higher than the melt-
ing point, the stretching cannot always be performed
stably.

The stretching 1s desirably carried out at a draw ratio
of from 1.5 to 10, preferably from 2 to 5.

If the draw ratio is less than 1.5, sufficient effect of the
stretching cannot be expected, and 1n particular, me-
chanical properties such as tensile strength cannot be
improved sufficiently.

After the stretching treatment, it is desirable to sub-
ject the stretched film to heating treatment.

The heating treatment is carried out one or several
times at a temperature higher than the glass transition
temperature of the polyether copolymer and lower than
the melting point thereof, with or without tension ac-
cording to demand.

The heating treatment of the stretched film further
improves the strength of the film. In case a film not
stretched 1s subjected to the heating treatment, it is
desirable to carry out the heating treatment at a temper-

ature somewhat higher than the glass transition temper-
ature of the polyether copolymer used.

Thus obtained polyether copolymer film not only
excels in heat resistance and mechanical properties such
as tensile strength but also has other advantages includ-
ing high solvent resistance, high chemical resistance,
and excellent inflammability. Therefore, the polyether
copolymer film of the present invention is useful in the

fields of electric and electronic apparatuses and instru-
ments and machine parts.

The present invention will be described in more detail
with reference to the following Examples. These Exam-

ples, however, are not to be construed to limit the scope
of the invention.

EXAMPLES 1 TO 40 AND COMPARATIVE
EXAMPLES 1 TO 19 -

EXAMPLE 1

Into a 300-ml reactor equipped with a Dean & Stark
trap filled with toluene, a stirrer, and an argon gas inlet
charged were 2.752 g (0.016 mol) of 2,6-dichloroben-
zonitrile, 7.366 g (0.04 mol) of 4,4'-biphenol, 6.634 g
(0.048 mol) of potassium carbonate, and 80 ml of N-
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methyl-2-pyrrolidone as a solvent, were then heated
from the room temperature up to 195° C. in an hour
while argon gas was being blown therein. After the
temperature was increased to 195° C., a small amount of
toluene was added to remove the generated water by
azeotrope.

Subsequently, after reaction was carried out for 30
minutes at 195° C., a solution of 7.736 g (0.024 mol) of
1,4-bis(4'-fluorobenzoyl)benzene dissolved in 80 ml of
N-methyl-2-pyrrolidone was added, and the reaction
was further carried out for an hour.

After the conclusion of the reaction, the product was
pulverized by using a blender produced by Warning
Inc., and the pulverized product was washed with
water and methanol, in the order, and dried, to obtain
15.7 g of a product in a state of white powder.

The infrared absorption spectrum analysis of the ob-
tained product showed an absorption at 2,220 cm—! due
to nitrile groups, an absorption at 1,650 cm—! due to
carbonyl groups, and an absorption at 1,240 cm—! due
to ether bonds. |

From these results and the results of elementary anal-
ysis, the product was identified to be a polyether co-

polymer having the following chemical structure. The
yield was 100%.

<0--0-4-0-—~0-0--

Copolymer composition (molar ratio)

@/Ad) + AN} = 0.4

(I)

(11}

The melt viscosity (the viscosity under no shearing
stress) at 400° C. of the polyether copolymer was mea-
sured to be 22,000 poise as shown in Table 1. With
respect to the thermal properties of the polyether co-
polymer, it had a glass transition temperature of 192° C,,
a melting point of 352° C., and a temperature for onset
of thermal decomposition of 560° C. (in the air, with a
weight reduction by 5%).

When the solvent resistance of the polyether copoly-
mer was investigated by using a press film formed at
400° C., the film was insoluble in acetone, ethanol, tolu-
ene, and xylene. With regard to the chemical resistance,
the film was not corroded with any one of hydrochloric
acid, nitric acid, and sodium hydroxide.

When the press film was exposed to the flame of a
lighter, the fire went out merely by moving the flame of
the lighter away, and melt-dropping did not occur. It
shows that the polyether copolymer has good inflam-
mability.

Further, the polyether copolymer was injection
molded to obtain a test piece, and the tensile strength,
the tensile modulus, and the elongation percentage of

the test piece were measured according to ASTM D-
638.

The results were as follows.

Tensile strength 1,000 kg/cm?
Tensile moduius 33,000 kg/cm2
Elongation percentage 10%
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EXAMPLE 2

The same procedure of Example 1 was repeated with
the exception that the ratio of 2,6-dichlorobenzonitrile
to 1,4-bis(4’-fluorobenzoyl)benzene was changed to be
the former: the latter=0.45: 0.55, to obtain the poly-
ether copolymer having the following chemical struc-
ture. |

Lo
0--0-10--0-0--

Copolymer composition (molar ratio)
/{1 + AN} = 0.45

(I)

(II)

The measured values of the properties of the poly-
ether copolymer are shown in Table 1.

EXAMPLE 3

The same procedure of Example 1 was repeated with
the exception that the ratio of 2,6-dichlorobenzonitrile
to 1,4-bis(4’-fluorobenzoyl)benzene was changed to be
the former: the latter=0.35: 0.65, to obtain the poly-
ether copolymer having the following chemical struc-
ture.

()

GO0
0--0--0-~0-0-

Copolymer composition (molar ratio)
y/{M + dD} = 0.35

- an

The measured values of the properties of the poly-
ether copolymer are shown in Table 1.

EXAMPLE 4

The same procedure of Example 1 was repeated with
the exception that the ratio of 2,6-dichlorobenzonitrile
to 1,4-bis(4’-fluorobenzoyl)benzene was changed to be
the former: the latter=0.7: 0.3, to obtain the polyether
copolymer having the following chemical structure.

GO -0-0-
0--0-Lo--0-0-

Copolymer composition (molar ratio)

MAd) + AD} = 0.7

(D

The measured values of the properties of the poly-
ether copolymer are shown in Table 1.

EXAMPLE 5

In the same reactor as that used in Example 1 charged
were 2.064 g (0.012 mol) of 2,6-dichlorobenzonitrile,
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7.448 g (0.04 mol) of 4,4'-biphenol, 9.025 g (0.028 mol)
of 1,4-bis(4’-fluorobenzoyl)benzene, 6.081 g (0.044 mol)
of anhydrous potassium carbonate, and 80 g of diphe-
nylsulfone as a solvent, and were allowed to react for 45
minutes at 190° C., and then for 20 minutes at 250° C,,
and further for an hour at 330° C.

After the conclusion of the reaction, the product was
pulverized in acetone by using a blender and was then
washed with acetone, water, and acetone, in the order,
to obtain 16.4 g (Yield: 99%) of a copolymer i1n a state
of a white powder).

The infrared absorption spectrum of the obtained
copolymer was the same as that of the copolymer ob-
tained in Example 1, and from the result and the result
of elementary analysis, the copolymer was identified to
be a polyether copolymer having the following chemi-
cal structure.

<00
©--0-1-0--0-0

Copolymer composition (molar ratio)
M/Ad) + A} = 0.3

(I}

(D)

The melt viscosity at 400° C. of the polyether copoly-
mer was measured to be 26,000 poise as shown in Table
1 and the polyether copolymer had a glass transistion
temperature of 191° C., a melting point of 378" C., and
a temperature for onset of thermal decomposition of
561° C.

The polyether copolymer exhibited the same solvent
resistance, chemical resistance, and inflammability as

those of the polyether copolymer obtained in Example
1.

EXAMPLE 6

The same procedure of Example 5 was repeated with
the exception that the ratio of 2,6-dichlorobenzonitrile
to 1,4-bis(4'-fluorobenzoyl)benzene was changed to be
the former: the latter=0.2: 0.8, to obtain the polyether
copolymer having the following chemical structure.

©-0-0-
©--0--0--0-0-

Copolymer composition (molar ratio)

MA@ + an} = 0.2

(I)

(1I)

The measured values of the properties of the poly-
ether copolymer are shown in Table 1.

EXAMPLE 7

The same procedure of Example 5§ was repeated with
the exception that the ratio of 2,6-dichlorobenzonitrile
to 1,4-bis(4'-fluorobenzoyl)benzene was changed to be
the former: the latter=0.15: 0.85, to obtain the poly-
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ether copolymer having the following chemical struc- N-methyl-2-pyrrolidone was added, and the reaction
ture. was further carried out for an hour.

After the conclusion of the reaction, the product was
@  pulverized by using a blender produced by Warning

CN
5 Inc., and the pulverized product was washed with ace-
*‘@"00'}' ' tone, methanol, water, and acetone, in the order, and
| - was then dried, to obtain 304.0 g (Yield: 98%) of a
1) copolymer being in a state of a white powder and hav-

O o . |
I | ing the following structure.
©-1-0--0-—0-0-r =
CN
Copolymer composition (molar ratio)
MA@ + AN} = 0.15 00')'

The measured values of the properties of the poly- i5
ether copolymer are shown in Table 1.

i I
C O O
Comparative Example 1 +©>— @C@ K

(1)

(1I)

The procedure of Example 5 was repeated with the Copolymer composition (molar ratio)
exception that equimolar quantities of 4,4'-biphenol and 3¢ -~ (MA@ + AD} = 0.3
1,4-bis(4'-fluorobenzoyl)benzene were used without
using 2,6-dichlorobenzonitrile, and the reaction was When the properties of the obtained polyether co-

carried out, in order, for 45 minutes at 190° C., for 20 polymer were measured, it had a melt viscosity (the
minutes at 250° C., for an hour at 330° C., and for an viscosity under no shearing stress) of 13,000 poise at

hour at 370° C. 75 400° C., a glass transition temperature of 190° C., a
The obtained polymer was identified to have the melting point of 384° C., a crystallizing temperature of
following structural units. 230° C., and a temperature for onset of thermal decom-
position of 565° C. (in the air, with a weight reduction

by 5%).

O O
i
-e-@—c—@—g—@-oo-y 30 8.(2) The Preparation of Resin Composition

Pellets of the polyether copolymer prepared in 8.(1)
As shown in Table 1, the polymer had a large melt and a polycarbonate (Trademark: IDEMITSU CAR-
viscosity of 96,000 poise at 420° C., a glass transition =~ BONATE A 2500 produced by ldemitsu Petrochemical

temperature of 184° C., a melting point of 412° C,, and 35 C{J-, Ltd.) were mixed in a weighturatio of 50:50, ar}d the
" a temperature for onset of thermal decomposition of mixture was meltkneaded at 365° C. for three minutes

§58° C., and was difficult to form. and was extrusion molded by using an extruder having
TABLE 1
The molar ratio of (Glass transition Temperature for onset
the repeating units (I) temperature  Melting point  of thermal decomposition  Melt viscosity

(/@) + AD}] (‘C.) (C.) - (C) (poise)
Example 1 0.4 192 352 560 22,000
Example 2 045 196 352 560 39,000
Example 3 | 0.35 192 374 560 13,000
Example 4 0.7 200 350 5535 22,000

- Example 5 0.3 191 378 561 26,000

Example 6 0.2 188 390 560 28,000
Example 7 0.15 187 398 560 19,000
Comparative 0 184 412 558 96,000*
Example |

*The value measured at 420° C.

EXAMPLE 8

] i 0 mm, j letized
8.(1) The Preparation of Polyether Copolymer an internal diameter of 30 mm, to obtain a pelletize

resin composition. The pelletized resin composition was
Into a 5-1 reactor equipped with a Dean & Stark trap, 55 then injection molded to obtain test pieces.
a stirrer, and an argon gas inlet charged were 38.70 g The heat distortion temperature and the oxygen index
(0.225 mol) of 2,6-dichlorobenzonitrile, 139.66 g (0.75 of the resin composition were measured by using the
mol) of 4,4'-biphenol, 124.39 g (0.9 mol) of potassium  test pieces according to ASTM D-648 and ASTM D-
carbonate, and 1.5 of N-methyl-2-pyrrolidone, and the 286, respectively.
temperature was raised from the room temperature up 60  The larger the oxygen index is, the higher the inflam-
to 195° C. in an hour while argon gas was blown mability of the resin composition is.
therein. The results are shown in Table 2.
After the temperature was raised to 195° C., a small
amount of toluene was added to remove the generated EXAMPLES 9 TO 13
water by azeotrope. 65 The preparation of resin compositions and the form-
Subsequently, after reaction was carried out for 30  ing of test pieces were carried out in the same manner as
minutes at 195° C., a solution of 169.2 g (0.525 mol) of  in Example 8.(2), with the exception that the polyether
1,4-bis(4'-fluorobenzoyl)benzene dissolved in 1.5 1 of  copolymer prepared in Example 8.(1) was used in Ex-



5,187,255

23

amples 9 and 11 to 13, a polyether copolymer, which
was prepared in the same manner as in Example 8.(1)
with the exception that the amounts of the reaction
materials were changed so that the polyether copoly-
mer had a molar ratio of the repeating units (I) to the
repeating units (II) of 40:60, was used in Example 10,
the heat-resistant thermoplastic resins shown in Table 2
were used in place of the polycarbonate, and the mixing
ratios were changed to those shown in Table 2. The
heat distortion temperatures and the oxygen indexes of
the resin compositions were measured by using the
obtained test pieces in the same manner as in Example
8.(2).
The results are shown in table 2.

Comparative Examples 2 to 6

The heat distortion temperatures and the oxygen
indexes of the heat-resistant thermoplastic resins shown
in Table 2, which were not mixed with any polyether
copolymer, were measured in the same manner as in
Example 8.(2).

The results are shown in Table 2.

EXAMPLE 14

The same polyether copolymer as that used in Exam-
ple 10 and glass fiber having a mean fiber diameter of 10
pm and a mean fiber length of 3 mm (Trademark: PX-
1produced by Asahi Fiberglass Co., Ltd.) were mixed
in a weight ratio of 70:30, and the mixture was kneaded

at 360° C., extruded by using an extruder, and cut, to 30

5

10

15

20

25

24

extruder, and cut, to obtain a pelletized resin composi-
tion. The obtained pelletized resin composition was
injection molded to obtain test pieces.

The mechanical properties including mechanical

strength of the resin composition were measured by
using the test pieces.
The results are shown in Table 3.

EXAMPLES 16 TO 18

The preparation of resin compositions and the pro-
duction of test pieces were carried out in the same man-
ner as in Example 8.(2), with the exception that the
polyether copolymer prepared in Example 8.(1), the
heat-resistant thermoplastic resins shown in Table 4,
and the inorganic fillers shown in table 4 were mixed in
the ratios shown 1n Table 4.

The heat distortion temperatures and the oxygen
indexes of the resin compositions were measured by
using the obtained test pieces in the same manner as in
Example 8.(2).

The results are shown in Table 4.

Comparative Examples 7 to 9

The preparation of resin compositions and test pieces
and the measurements of heat distortion temperatures
and oxygen indexes were carried out in the same proce-
dure as in Example 8.(2) with the exception that the
ingredients shown in Table 4 were mixed in the ratios
shown in Table 4. |

The results are shown 1n Tabie 4.

TABLE 2

Heat-resistant

thermoplastic resin

(wt %)

Example 8 PC 50
Comparative PC 100
Example 2

Example 9 PEEK 50
Example 10 PEEK 50
Comparative PEEK 100
Example 3

Example 11 PES 50
Comparative PES 100
Example 4

Example 12 PEI 50
Comparative PE> 100
Example 5

Example 13 Polyester 20
Comparative Polyester 100
Example 6

Polyether copolymer

The molar ratios of Heat distortion  Oxygen

repeating units Mixing ratio temperature index
(I):(11) (wt %) ("C.) (—)

30:70 50 156 40

—_ - 131 30

30:70 50 154 47

40:60 50 160 47

-— — 145 35

30:70 50 183 41

— — 205 38

30:70 50 216 47

— — 200 47

30:70 80 278 45

— — 293 3%

PC: Polvcarbonate (Trademark: IDEMITSU POLYCARBONATE A2500, produced by Idemitsu Petrochemical Co., Ltd.)
PEEK: Polyeter etherketone (Trademark: Victrex PEEK 450G, produced by 1.C.I. Ltd.)

PES: Polyethersulfone (Trademark: Victrex 200P, produced by 1.C.1. Lid.)

PEIL: Polyether imide (Trademark: ULTEM 1000, produced by General Electric Company)

Polyester: Wholly aromatic polyester (Tradename: SUMIPLOY E-2000, produced by Sumitomo Chemical Co., Lid.)

obtain a pelletized resin composition. The obtained
pelletized resin composition was injection molded to
obtain test pieces.

The mechanical properties including mechanical
strength of the resin composition were measured by
using the test pieces.

The results are shown in Table 3.

"EXAMPLE 15

The same polyether copolymer as that used in Exam-
ple 10 and carbon fiber having a mean fiber diameter of
9 um and a mean fiber length of 10 mm (Trademark:
TORAYCA T-300, produced by TORAY Industries,
Inc.) were mixed in a weight ratio of 70:30, and the
mixture was kneaded at 350° C., extruded by using an

33

60

65

TABLE 3

N

Testing Measuring  Example Example

method temperature 14 15
Tensile strength ASTM 23° C. 1,500 2,480
(kg/cm?) D-638 250° C. 350 840
Tensile modulus ASTM 23° C. 69,000 74,000
(kg/cm?) D-638 250° C. 24,000 17,000
Elongation ASTM 23° C. 1.5 1.9
(%) D-638
Bcndin% strength ASTM 23° C. 2,400 3,500
(kg/cm<) D-790 250° C. 540 1,060
Bending modulus ASTM 23° C. 61,000 188,000
(kg/cm*) D-790 250° C. 26,000 31,000
Izod impact strength ASTM 12¢1  14.3%]
(kg - cm/cm) D-256 4192 80*2
Heat distortion ASTM — 360 380
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TABLE 3-continued

Testing Measuring  Example Exampile

method temperature 14 15
temperature ("C.) D-648
Load 18.6 kg
*Inotched type
«Zwithout natch

TABLE 4

3

26

under no shearing stress) of 22,000 poise at 400° C,, a
glass transition temperature of 192° C., a melting point
of 352° C., and a temperature for onset of thermal de-
composition of 560° C. (in the air, with a weight reduc-
tion by 5%).

The Production of Heat-Resistant Laminate and
Valuation Tests

Polyether copolymer

Heat-resistant The molar ratios of Inorganic Heat distortion  Oxygen
thermoplastic repeating units Mixing ratio filler temperature Index
(wt %) (D«(ID (wt %) (wt %) (°C.) (-)
Example 16 PPS 35 30:70 35 GF 28 318 58
TiOy; 2
Comparative PPS 60 — —_ GF 40 260 50
Example 7
Example 17 PET 35 30:70 35 GF 28 298 59
- . TiOy 2
Comparative PET 70 — — GF 30 224 41
Example 8 '
Example 18 PEEK 35 30:70 35 CF 30 > 300 62
Comparative — 30:70 100 e 203 42
Example

PPS: Poiyphenylenesulfide (Trademark: LYTON R4, produced by Phillips Petroleum)

PET: Polyethyleneterephthalate (Trademark: LINITE 530, produced by DuPont Far East)
GF: Glass fiber (Trademark: PX-1, produced by Asahi Fiberglass Co., Ltd.) mean fiber diameter: 10 pm, mean fiber lingth: 3mm)
CF: Carbon fiber (Trademark: TORAYCA T300, produced by TORAY Industnes, Inc.)

TiO4: Trademark: P-25, produced by Aerogil)

EXAMPLE 19

The Preparation of Polyether Copolymer

Into a 50-1 reactor equipped with a Dean & Stark trap
filled with toluene, a stirrer, and an argon gas inlet
charged were 516.0 g (3 mol) of 2,6-dichlorobenzoni-
trile, 1396.6 g (7.5 mol) of 4,4'-biphenol, 1243.9 g (9
mol) of potassium carbonate, and 15 1 of N-methyl-2-
pyrrolidone, and the temperature was raised from the

room temperature up to 195° C. in an hour while argon
“gas was blown therein.

After the temperature was raised to 195° C., a small
amount of toluene was added to remove the generated
water by azeotrope. |

Subsequently, after reaction was carried out for 30
minutes at 195° C., a solution of 1450.5 g (4.5 mol) of
1,4-bis(4'-fluorobenzoyl)benzene dissolved in 15 1 of
N-methyl-2-pyrrolidone was added in the reaction mix-
ture, and the reaction was further carried out for an
hour.

After the conclusion of the reaction, the product was
pulverized by using a blender (produced by Warning
Inc.), and the pulverized product was then washed with
water and methanol, in the order, and was drnied, to

obtain 2784.0 g (Yield: 100%) of a copolymer being in a.

state of a white powder and having the following struc-
ture. |

(1)

o -0-0
0-to-to-—0-0-

Copolymer composition (molar ratio)
(H @ + AN} = 04

I)

When the properties of the polyether copolymer
were measured, it had a melt viscosity (the viscosity

30

33

40

45

50

After the powder of the polyether copolymer ob-
tained above was distributed uniformly in a flat plate
mold of 50X 50 mm, a carbon fiber mat (Trademark:
TORAYCA MAT B0030 produced by TORAY Indus-
tries, Inc.) was placed thereon, and the same powder of
the polyether copolymer was further distributed on the
mat uniformly.

The amounts of the polyether copolymer and the
carbon fiber mat used were 80% by weight and 20% by
weight, respectively.

Subsequently, after the mold was closed and pressed
at 400° C. under the pressure of 10 kg/cm? for 5 min-
utes, and it was transferred into a cooling press where 1t
was retained at 200° C. for five minutes, to obtain a
laminate of 1 mm in thickness and 50 mm both in length
and in width.

The tensile strength, the elongation percentage, the
tensile modulus, the bending strength, the bending mod-
ulus, the heat distortion temperature, the surface hard-

- ness, the sliding properties, the volume resistivity, the

93

65

dielectric constant, and the dielectric loss tangent of the
laminate were measured.

The results are shown in Table 3.

When the laminate was examined as to the chemical
resistance, it was insoluble in each of the solvents in-
cluding acetone, toluene, xylene, chloroform, and meth-
ylene chloride, and it was not corroded with any one of
nitric acid, hydrochloric acid, dichloroacetic acid, tri-
fluoroacetic acid, sodium hydroxide, and potassium
hydroxide, with the exception that concentrated sulfu-
ric acid caused some swelling.

With regard to inflammability, when a slice of the
laminate was exposed to the flame of a lighter for 10
seconds and the flame of the lighter was then moved
away, the fire went out immediately, and melt-dropping
did not occur. It shows that the laminate has good 1n-
flammability.
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EXAMPLE 20

The production of a laminate and the valuation tests
thereof were carried out in the same manner as in Ex-

28

-continued

Coefficient of kinetic fniction

the partner member
S45C
velocity: 0.6 m/sec

ample 19 with the exception that a glass long fiber mat 5 pressure: 20 kg/cm?
(Trademark: CSM-M9600 produced by Asahi Fiber-  Volume resistivity aﬁcmg!ﬂg to igﬁ g'ﬂg
glass Co., Ltd.) was used in place of the carbon fiber. Dielectric constant accoraing to '
: Dielectnic loss tangent according to ASTM D-150
'The results are shown in Table 3.
The obtained laminate exhibited the same chemical
TABLE 5
Heat distor- Coefficient Dielec-
“Tensile FElong- Tensile Bending Bending tiontemp- Rockwell of kinetic ~ Volume tric con-  Dielectric
strength  ation modulus strength modulus erature hardness friction  resistivity  stant loss tangent
No. (kg/cm?)  (0/0) (kg/cm?) (kg/cm?) (kg/cm?) (°C.) (M scale) (1) (Q-cm) (1 KHz) (1 KH2)
Example
19 2,800 3 55,000 3,200 91,000 360 96 0.18 — e —
20 3,000 3 52,000 3,000 95,000 360 96 0.18 1.0 I:;J( 3.90 0.003
10
21 3,500 3 58,000 3,600 86,000 360 — _ —_ — —
Compara-
tive
Example
10 2,100 3 53,000 2,500 100,000 300 98 0.58 — — —
11 2,200 3 52,000 2,500 110,000 300 98 0.58 1.5 X 3.40 0.003
10
resistance and inflammability as those of the laminate
obtained in Example 19.
EXAMPLE 2] " EXAMPLE 22

The preparation of a polyether copolymer, the pro-
duction of a laminate, and the valuation tests thereof
were carried out in the same manner as in Example 19
with the exception that a mixture of 90% by weight of
the powder of the polyether copolymer and 10% by
weight of carbon fiber having a mean fiber length of 3
mm was used in place of the powder of the polyether
copolymer. The results are shown in Table 3.

The obtained laminate exhibited the same chemical
resistance and inflammability as those of the laminate
obtained in Example 19.

Comparative Example 10

The production of a laminate and the valuation tests
thereof were carried out in the same manner as in Ex-
ample 19 with the exception that pellets of a polyethere-
therketone (Trademark: Victrex PEEK 4500, pro-
duced by 1. C. 1. Ltd.) were used in place of the poly-
ether copolymer obtained in Example 19.

The results are shown 1n Table 3.

Comparative Example 11

The production of a laminate and the valuation tests
thereof were carried out in the same manner as in Ex-
ample 20 with the exception that pellets of a polyethere-
therketone (Trademark: Victrex PEEK 450G, pro-
duced by L. C. 1. Ltd.) were used in place of the poly-
ether copolymer obtained in Example 19.

The results are shown in Table 5.

The measurements in the valuation tests were con-
ducted as follows.

Tensile strength, Tensile modulus, according to ASTM D-638
and Elongation percentage
Bending strength

and Bending modulus

Heat distortion temperature

Rockwell hardness

(M scale)

according to ASTM D-790

according to ASTM D-648
according to ASTM D-785

35

45

50
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A polyether copolymer prepared in the same manner
as in example 8.(1) was melted by heating it to 400° C.
and was then spun by using a spinning nozzle having an
internal diameter of 1.0 mm and a length of 1.0 mm at a
nozzle temperature of 390° C. Thereafter, the spun fiber
was immediately passed through a heating tube of 30
cm in length maintained at 300° C., and was then cooled
in the air and wound up at a speed of 120 m/min, to
obtain an unstretched fiber of 35 d (unstretched poly-
ether copolymer fiber).

The unstretched fiber was stretched at a stretching
temperature of 200° C. by a draw ratio of 2 by using a
stretching roller and was then subjected to heating
treatment by using a heating plate heater at 240° C., to
obtain stretched polyether copolymer fiber.

The tensile strength, the elongation percentage, the
knot strength, and the Young’s modulus of the stretched
polyether copolymer fiber were measured.

The results are shown in Table 6.

These measurement of the properties were conducted

according to JIS-L-1013-81.

EXAMPLE 23

The production of stretched polyether copolymer
fiber and the measurements of the properties thereof
were carried out in the same manner as in Example 22
with the exception that the draw ratio was changed to
3.

The results are shown in Table 6.

EXAMPLE 24

- The production of stretched polyether copolymer
fiber and the measurements of the properties thereof
were carried out in the same manner as in Example 22
with the exception that the draw ratio was changed to
4 and the stretching temperature was changed to 210°

C.
The results are shown in Table 6.
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EXAMPLE 25

The polyether copolymer prepared in Example 22
was melted by heating 1t to 400° C. and was then spun
by using a spinning nozzle having an internal diameter 5
of 0.45 mm, a length of 1.35 mm, and a whole number of
60. During the spinning, the temperature of the spinning
nozzle was adjusted to 390° C. The spun fiber was
passed continuously through a heating tube of 300 mm
in length set at the outlet of the spinning die and main-
tained at 300° C., and after cooled in the air, 1t was
wound up at a speed of 150 m/min, to obtain un-

stretched fiber (unstretched polyether copolymer fiber)
of 80 d/60 filaments.

The obtained unstretched fiber was stretched by a
draw ratio of 2 at a stretching temperature of 200° C. by
using a stretching roller, and was then subjected to
heating treatment by using a heating plate heater at a
temperature of 240° C., to obtain stretched fiber
(stretched polyether copolymer fiber).

The properties of the stretched polyether copolymer

fiber were measured in the same manner as in Example
22.

The results are shown in Table 6.

EXAMPLE 26

The production of stretched polyether copolymer
fiber and the measurements of the properties thereof
were carried out in the same manner as in Example 25

with the exception that the draw ratio was changed to 3
3

| The fesu]ts are shown in Table 6.

EXAMPLE 27

The production of stretched polyether copolymer s
fiber and the measurements of the properties thereof
were carried out in the same manner as in Example 25
with the exception that the draw ratio was changed to

4 and the stretching temperature was changed to 210°
C

The results are shown in Table 6.

EXAMPLE 28
28.(1) The Preparation of Polyether Copolymer

10

15

20

25

A polyether copolymer was prepared in the same 45

manner as in Example 22 with the exception that the
molar ratio of the amounts of the 2,6-dichlorobenzoni-
trile and 1,4-bis(4'-fluorobenzoyl)benzene charged was
changed to 4:6 in place of 3:7.
- The obtained polyether copolymer consisted of the
repeating units (I) and the repeating units (II) shown in
Example 8.(1) and had a molar ratio of 0.4:0.6 between
the repeating units (I) and the repeating units (II).
When the properties of the polyether copolymer was
measured, it had a melt viscosity (the viscosity under no
shearing stress) of 14,000 poise at 400° C., a glass transi-
tion temperature of 193° C,, a crystallizing temperature
of 235° C., a melting point of 352° C., and a temperature
for onset of thermal decomposition of 570° C. (in the air,
with a weight reduction by 5%). It shows that the poly-
ether copolymer has high heat resistance.

28.(2) The Production of Polyether Copolymer Fiber

Polyether copolymer fiber stretched by a draw ratio
of 2 was produced in the same manner as in Example 22
with the exception that the polyether copolymer ob-
tained in 28.(1) was used in place of the polyether co-
polymer obtained in Example 22, the stretching temper-

50
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ature was changed to 210° C., and the temperature of
heating treatment was changed to 250° C.

The above-described properties of the stretched poly-
ether copolymer fiber were measured in the same man-
ner as in Example 22.

The results are shown in Table 6.

EXAMPLE 29

- The production of stretched polyether copolymer
fiber and the measurements of the properties thereof
were carried out in the same manner as in Example
28.(2) with the exception that the draw ratio was
changed to 3.

The results are shown in Table 6.

EXAMPLE 30

The production of stretched polyether copolymer
fiber and the measurements of the properties thereof
were carried out in the same manner as in Example
28.(2) with the exception that the draw ratio was

changed to 4 and the stretching temperature was
changed to 220° C.
The results are shown in Table 6.

EXAMPLE 31

The production of stretched polyether copolymer
fiber stretched by a draw ratio of 2 and the measure-
ments of the properties thereof were carried out in the
same manner as in Example 25 with the exception that
the polyether copolymer prepared in Example 28.(1)
was used in place of the polyether copolymer obtained
in Example 22, the stretching temperature was changed
to 210° C,, and the temperature of heating treatment
was changed to 250° C.

The results are shown in Table 6.

EXAMPLE 32

The production of stretched polyether copolymer
fiber and the measurements of the properties thereof
were carried out in the same manner as in Example 31
with the exception that the draw ratio was changed to
3 and the stretching temperature was changed to 220°
C q

The results are shown in Table 6.

EXAMPLE 33

The production of stretched polyether copolymer
fiber and the measurements of the properties thereof
were carried out in the same manner as in Example 31
with the exception that the draw ratio was changed to
4 and the stretching temperature was changed to 220°
C

The results are shown in Table 6.

Comparative Example 12

Stretched fiber stretched by a draw ratio of 2 was
produced in the same manner as in Example 22 with the
exception that a commercial polyetheretherketone
(Trademark: Victrex PEEK 450G produced by 1. C. L

CLtd.,, Tm: 340° C., Tg: 144" C,, Tc: 190° C.) was used in

place of the polyether copolymer obtained in Example
22 and the conditions were changed as shown in Table
6.

The properties of the obtained stretched fiber were
measured in the same manner as in Example 22.

The results are shown 1n Table 6.
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Comparative Examples 13 and 14

The production of stretched fiber and the measure-
ments of the properties were carried out in the same

manner as in Comparative Example 12 with the excep-

tion that the draw ratios were changed to 3 and 4, re-
spectively. |
The results are shown in Table 6.

Comparative Example 135

Stretched fiber stretched by a draw ratio of 2 was
produced in the same manner as in Example 25 with the
exception that a commercial polyetheretherketone
(Trademark: Victrex PEEK 450G produced by L. C. L.
Ltd.) was used in place of the polyether copolymer
obtained in Example 22 and the condltlons were
changed as shown in Table 6.

d

10

15

The properties of the obtained stretched fiber were

measured in the same manner as in Example 22.
The results are shown in Table 6.

Comparative Examples 16 and 17

The production of stretched fiber and the measure-
ments of the properties thereof were carried out in the
same manner as in Comparative Example 15 with the
exception that the draw ratios were changed to 3 and 4,
respectively.

The results are shown 1n Table 6.

20

25
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TABLE 7
Preparation Example

Polyether copolymer 1 2 3 4 5

The molar ratio of the 0.3 0.] 0.20 0.4 0.5
repeating units (I)
Melt viscosity 13,000 9,800 15,000 23,000 25,000
(400° C.) (Poise)
Glass transition 190 186 187 196 202
temperature ("C.)
Melting point 384 405 390 357 339
("C.)
The temperature for 565 560 562 564 565
onset of thermal de-
composition (*C.)
Crytallizing temper- 230 193 202 245 260
ture (°C.)

EXAMPLE 34

A transparent, amorphous film was produced by
press forming the polyether copolymer prepared in
Preparation Example 1 at 400° C., followed by cooling
rapidly the obtained film by mtroducmg it in water. The
obtained film had a thickness of 200 um.

When the properties of the film were measured, it had
a tensile strength of 9.5 kg/mm?, a tensile modulus of
220 kg/mm?2, an elongation at rupture of 150%, and an
oxygen index of 35.5. The measurements of tensile
strength, tensile modulus, and elongation at rupture

TABLE 6
Polyether copolymer
The molar ratios of Stretching  Heating treatment  Tensile Elong-  Knot
repeating Units temperature temperature strength  ation  strength  Young’s modulus
No. (D:(I1) Draw ratio (°C.) °C.) (g/d)  (©/0)  (g/9) (kg/mm?)
Example
22 30:70 2.0 200 240 3.3 30 3.4 900
23 30:70 3.0 200 240 5.7 29 3.7 1,000
24 30:70 4.0 210 240 "6.1 20 4.1 1,050
25 30:70 2.0 200 240 3.9 3] 3.8 1,040
26 30:70 3.0 200 240 6.1 24 4.0 1,150
27 30:70 4.0 210 240 6.7 15 4.4 1,100
28 40:60 2.0 210 250 6.6 40 4.3 1,000
29 40.60 3.0 210 250 7.5 35 4.7 1,050
30 40:60 4.0 220 250 7.8 28 5.0 1,200
31 40:60 2.0 210 250 7.0 31 4.8 1,000
32 40:60 3.0 220 250 8.0 27 5.3 1,200
33 40:60 4.0 220 250 8.4 20 5.4 1,250
Comparative
Example

12 2.0 160 200 3.8 24 2.5 800
13 3.0 160 200 4.3 18 2.8 840
14 4.0 160 200 4.7 11 3.1 880
15 2.0 160 200 4.0 22 2.6 910
16 3.0 160 200 4.6 19 3.1 950
17 4.0 160 200 5.2 7 3.3 1,000

Preparation Example 1

A polyether copolymer was prepared in the same
manner as in Example 8. (1). The properties of the poly-
ether copolymer are shown in Table 7.

Preparation Examples 2 to 5

Polyether copolymers were prepared in the same
manner as in Preparation Example 1 with the exception
that the ratios of the reaction materials used were
changed. The molar ratio of the repeating units repre-
sented by the formula (I), the melt viscosity (mm), the
glass transition temperature (Tg), the melting point
(Tm), the temperature for onset of thermal decompost-
tion (Td), and the crystallizing temperature (Tc) of each
polyether copolymer are shown in Table 7.
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were conducted according to ASTM D-882, and the
measurements of oxygen index according to ASTM

D-2863.

EXAMPLE 35

A transparent, amorphous film was produced by
press forming the polyether copolymer prepared in
Preparation Example 1 at 400° C,, followed by cooling
rapidly the obtained film by introducing it in ice water.
The obtained film had a thickness of 200 um. The film
was then subjected to heating treatment for one minute
at 230° C., to obtain a crystallized film.

When the properties of the film were measured, it had
a tensile strength of 12 kg/mm?, a tensile modulus of
250 kg/mm?2, and an elongation at rupture of 90%. The
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oxygen index of the film was then measured to be 33.5
which shows excellent inflammability.

Although the crystallized film swelled when mm-
mersed in concentrated sulfuric acid for a long time, it
was so stable that it was not corroded with other strong
acids such as hydrochloric acid, nitric acid, dichloro-
acetic acid, and trifluoroacetic acid, strong alkali such
as sodium hydroxide and potassium hydroxide, organic
solvents such as acetone, dimethyl ether, methyl ethyl
ketone, benzene, toluene, ethyl acetate, dimethylform-
amide, N-methyl-2-pyrrolidone, and methylene chlo-
ride, and hot water.

Comparative Example 18

The production of a film and the measurement of the
properties thereof were carried out in the same manner
as in Example 34 with the exception that a polyethere-
therketone (Trademark: Victrex PEEK 450G, pro-
duced by 1. C. I. Ltd.) was used in place of the poly-
ether copolymer used in Example 34.

The obtained film had a tensile strength of 9 kg/mm?,
a tensile modulus of 210 kg/mm?, an elongation at rup-
ture of 170%, and an oxygen index of 23.5.

The film was dissolved not only in concentrated sul-
furic acid but also in other chemical agents or solvents
such as p-chlorophenol and dichloroacetic acid, and
crazing was observed when the film was immersed 1n
acetone.
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The properties of the obtained stretching films are
shown in Table 8. The measurements of the properties
were conducted according to ASTM D-882.

EXAMPLES 37 AND 38

Stretched films were produced under the stretching
conditions and the conditions of heating treatment
shown in Table 8, by using the amorphous films pro-
duced in Preparation Examples 3 and 4.

The properties of the obtained films are shown in
Table 8.

EXAMPLES 39 AND 40

Stretched films were produced by using the amor-
phous film prepared in Preparation Example 1 by em-
ploying draw ratios and conditions of heating treatment
which are shown in Table 8 and are different from those
in Example 36.

The properties of the stretched films are shown 1n
Table 8.

Comparative Example 19

A stretched film was produced by using a polyethere-
therketone (Trademark: Victrex PEEK 450G produced

by I. C. 1. Ltd.) under the stretching conditions and the
conditions of heating treatment shown in Table 8.

The properties of the obtained stretched films are
shown in Tabie 8.

TABLE 8
Stretching temperature  The conditions Tensile Tensile Elongation
Draw ratios of heating strength modulus at rupture

Film in length/in width treatment Directions (kg/mm?)  (kg/mm?) (0/0)
Example 36 200° C. 230° C. MD 27 280 60
2/0 1 min. TD 12 250 60
200° C. 230° C. MD 29 380 60
2/2 1 min, TD 29 380 60
Example 37 190° C. 210° C. - MD 28 350 50
2/0 1 min. TD 13 260 90
190° C. 210° C. MD 28 400 50
2/2 1 min. TD 28 400 50
Example 38 210° C. 260° C. MD 27 390 80
2/0 I min. TD 12 240 110
210° C. 260° C. MD 28 400 80
2/2 1 min. TD 28 400 80
Comparative 170° C. 260° C. MD 13 300 80
Example 19 2/0 S min. TD 9 210 150
170° C. 260° C. MD 12 310 80
2/2 S min. TD 12 310 85
Exampie 39 210° C. 230° C. MD 29 400 50
3/0 1 min. TD 12 250 90
210° C. 230° C, MD 29 410 65
2.5/2.5 1 min. TD 29 400 65
Example 40 220° C. 230° C. MD 33 430 30
4/0 1 min. TD 11 260 80
220° C. 230° C. MD 36 440 30
3/3 1 min. TD 36 440 30

The draw ratio in width of O means that a film is stretched uniaxially.

EXAMPLE 36

A transparent, amorphous film was produced by
press forming the polyether copolymer prepared in
Preparation Example 1 at 400° C., followed by intro-
ducing the formed film into ice water. The film had a
thickness of 200 pm.

The film was stretched under the conditions shown in
Table 8 by using a uniaxial stretching machine (pro-
duced by Shibata Kikai Co., Ltd.) and a biaxial stretch-
ing machine (produced by Toyo Seiki Co., Ltd.)
(stretching speed: 1000%/min.).
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What is claimed is:

1. A method of producing a polyether copolymer
comprising the repeating units represented by the fol-
lowing general formula (I)

6 —~OHO) |

and the repeating units represented by the following
formula (II)
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0--0-+-0--0-0-

the molar ratio of the repeating units represented by the
formula (I) based on the total of the repeating units
represented by the formula (I) and the repeating units
represented by the formula (II) (the molar ratio of (I)/-
{(D+{D}) being from 0.1 to 0.8, and the polyether
~ copolymer having a melt viscosity (the viscosity under
no shearing stress) of at least S00 poise as measured at
400° C., comprising:

reacting a dihalogenobenzonitrile, 1,4-bis(4'-haloben-

zoyl)benzene, with 4,4'-biphenol in an aprotic polar
solvent in the presence of an alkali metal com-
pound.

2. The method of claim 1, wherein the molar ratio of
the dihalogenobenzonitrile used is from 0.1 to 0.8 based
on the total of the dihalogenobenzonitrile used and the
1,4-bis(4’-halobenzoyl)benzene used, the molar ratio of
the total of the dihalogenobenzonitrile used and the
1,4-bis(4’-halobenzoyl)benzene used to the amount of
4,4'-biphenol used is from 0.99 to 1.02, the amount of the
alkali metal compound used is from 1.01 to 2.50 equiva-
lent per one hydroxyl group of the 4,4'-biphenol used,
and the amount of the aprotic polar solvent used is from
200 to 2,000 parts by weight per 100 parts by weight of
the total of the dihalogenobenzonitrile, the 1,4-bis(4'-
halobenzoyl)benzene, the 4,4'-biphenol, and the alkali
metal compound used.

3. The method of claim 2, wherein the dihalogeno-
benzonitrile is selected from the group consisting of
2,6-dichlorobenzonitrile, 2,6-difluorobenzonitrile, 2,4-
dichlorobenzonitrile, and 2,4-difluorobenzonitrile; the
1,4-bis(4'-halobenzoyl)benzene is selected from the
group consisting of 1,4-bis(4’-chlorobenzoyl)benzene,
1,4-bis(4’-fluorobenzoyl)benzene, and 1-(4'-chloroben-
zoyl)-4-(4" -fluorobenzoyl)benzene; the alkali metal
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compound is selected from the group consisting of lith-
ium carbonate, sodium carbonate, potassium carbonate,
rubidium carbonate, cesium carbonate, lithium hydro-
gen carbonate, sodium hydrogen carbonate, potassium
hydrogen carbonate, rubidium hydrogen carbonate,
and cesium hydrogen carbonate; the aprotic polar sol-
vent is selected from the group consisting of N,N-dime-
thylformamide, N,N-diethylformamide, N,N-dime-
thylacetamide, N,N-diethylacetamide, N,N-
dipropylacetamide, N,N-dimethylbenzamide, N-meth-

“yl-2-pyrrolidone, N-ethyl-2-pyrrolidone, N-isopropyl-

2-pyrrolidone, N-isobutyl-2-pyrrolidone, N-n-propyl-2-
pyrrolidone, N-n-butyl-2-pyrrolidone, N-cyclohexyl-2-
pyrrolidone, N-methyl-3-methyl-2-pyrrolidone, N-
ethyl-3-methyl-2-pyrrolidone, N-methyl-3,4,5-trimeth-
yl-2-pyrrolidone, N-methyl-2-piperidone, N-ethyl-2-
piperidone, N-isopropyl-2-piperidone, N-methyi-6-
methyl-2-piperidone, N-methyl-3-ethylpiperidone, di-
methylsulfoxide, diethylsulfoxide, sulfolane, 1-methyl-
l-oxosulfolane, 1-ethyl-l-oxosulfolane, 1-phenyl-1-
oxosulfolane, N,N’-dimethylimidazolidinone, and |
diphenylsulfone.

4. The method of claim 3, wherein the repeating units
represented by the formula (I) is the repeating units
represented by the following formula

the dihalogenobenzonitrile is 2,6-dichlorobenzonitrile,

the 1,4-bis(4'-halobenzoyl)benzene is  1,4-bis(4'-

fluorobenzoyl)benzene, the alkali metal compound 1is

potassium carbonate, and the aprotic polar solvent is

N-methyl-2-pyrrolidone.
*

* ¥ % X%
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